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Long-term measurements from a pair of High-Frequency radar systems deployed near the coast of 
southern Fujian Province showed that surface currents in the southwestern Taiwan Strait were com-
posed mainly of the monsoon-driven, seasonal fluctuation of longshore current and a persistent 
northeastward background flow with speeds around 10 cm/s. Measurements from bottom-moored 
ADCPs further indicated that below the surface Ekman layer longshore currents also directed to the 
north all year round. 
Taiwan Strait, HF radar, current, seasonal variation 
In June 2005, an OSMAR (Ocean State Measuring & 
Analyzing Radar) 2003-improved High-Frequency (HF) 
ground wave radar system, developed under the Hi-Tech 
Research and Development Program of China (863 Pro-
gram)[1], was put into experimental operation in the Fu-
jian demonstration site. It was used in a key project for 
ocean monitoring technology of the 863 Program, enti-
tled “Three-dimensional and real time monitoring sys-
tem for the ocean dynamic environment in Taiwan Strait 
and its adjacent regions.” Large quantities of surface 
current data were accumulated since then. 
The HF radar system consists of two stations located 
in the Dongshan and Longhai areas of the southern Fu-
jian seaboard. The radars operated at a frequency near 
7.8 MHz (λ=38.5 m) with the effective depth of current 
measurement estimated as 1.6 m (d=λ/8π). The positions 
of the two stations and their 200-km coverage sectors 
are shown in Figure 1. They are 94 km apart and the 
normal direction of coverage sector of both radars is 
almost perpendicular to the coastline. Preliminary 
analysis of the data returned from the radars showed that 
affected by geographic, atmospheric, and oceanic condi-
tions of the observational sites, the radars’ effective 
range was ~150 km, beyond which the returned cover-
age rate dropped below 40% rapidly. Hence, the system 
mainly covers the southern Taiwan Strait area west to 
Taiwan Bank (Figure 1)[2]. 
The HF radar transmits broad beam linear FMICW 
(Frequency Modulated Interrupted Continuous Wave) 
signals to the ocean surface, and in the meanwhile re-
ceives the sea-echoes from all directions. Using a 
matching filter (including a low-pass filter and a fast 
Fourier transformer) in the radar receiver, it can compute 
the range spectra of the return echoes and estimate the 
echo bearings, from which the radial current speeds of 
the sea cells are estimated[1]. After a major adjustment of 
the radar system in September 2005, the spatial resolu-
tion of the sea cell was 5 km in range and 1.5° in bearing 
angle. Echoes were sampled at 10-min intervals when 
one frame of radial current was acquired with a resolu-
tion of 3 cm/s. Based on radial current estimates from 
the two stations, frames of grid vector current field were 











                      
Received October 22, 2007; accepted March 10, 2008 
doi: 10.1007/s11434-008-0207-7 
†Corresponding author (email: lili@tiosoa.cn) 
Supported by the Chinese Offshore Investigation and Assessment Project (Grant No. 
908-01-ST06) and the National Natural Science Foundation of China (Grant No. 
40476023) 
www.scichina.com | csb.scichina.com | www.springerlink.com Chinese Science Bulletin | August 2008 | vol. 53 | no. 15 | 2385-2391 
 
 
Figure 1  Map of the southern Taiwan Strait, showing positions of the 
Dongshan and Longhai radar stations (asterisk); the 200-km specified 
(gray lines) and 150-km effective (dark lines) ranges of coverage; the 
150-km common coverage area (shaded); the cross-shore section off 
Longhai (dark line); the mooring sites of bottom-mounted ADCPs (B2, 
B3); and the area of QuikSCAT wind used (dashed lines). 
1  Data and methods 
The surface vector current data used in this work are 
OSMAR2003 HF radar measurements acquired by the 
Fujian demonstration site from December 2005 to Janu-
ary 2007. The spatial resolution of the grid cells is 0.03º 
by 0.03°. Restricted by the observational conditions, the 
returned radar data were neither spatially intact nor 
temporally continuous. The data were partitioned into 
each month for quality control. We first eliminated data 
points with deviation greater than three times of the 
standard deviation from the time series of both compo-
nents for each cell, and then computed the monthly 
mean vector currents for grid cells with more than 1000 
qualified records. The monthly current fields of 2006 are 
shown in Figure 2 (the resolution has been reduced to 
0.09º for better presentation). For further study, the cur-
rents were discomposed into longshore and cross-shore 
components with the longshore direction parallel to the 
strait’s principal axis at 45º True, and the cross-shore 
direction at 135º True. 
The results coming out from this simple averaging 
process are rough estimates of the monthly mean cur-
rents. If the sampling process is random, these estimates 
are identical to the mean values of seven days of con-
tinuous observations at 10-min intervals. Further analy-
sis showed that results of this estimation are as good as 
that of other more sophisticated methods, which will be 
discussed later. 
The wind data used in this paper are QuikSCAT L3 
(ftp://podaac.jpl.nasa.gov/pub/ocean_wind/quikscat/L3/ 
data/) product distributed by NASA, which provides 
gridded winds at 10 m above the sea surface with a spa-
tial resolution of 0.25° by 0.25°. Data points in the area 
of 118º―119ºE and 23º―24.5ºN (the area enclosed 
with dashed lines in Figure 1) were averaged in both 
space and time accordingly to yield a daily time series of 
winds for the HF radar coverage area and the monthly 
winds. 
2  Results 
Figure 2 shows the monthly mean current fields of 2006 
resulting from the above procedure. The monthly data 
coverage was generally good except for June, when the 
radar system operated with abnormalities and there were 
not enough effective samples to give good estimates. 
The seasonal variations of the surface current were ob-
viously affected by the monsoons. From September to 
March, the prevailing current flowed southwestward, 
especially during December―February when, as a result 
of the strong northeast monsoon, current vectors in the 
whole area directed southwestward consistently. In con-
trast, the currents flowed northward during the south-
west monsoon season from June to August, with a mean 
current speed reaching 23.8 cm/s in July. Between these 
two seasons were the monsoon transition periods. By 
further comparison, one can see easily that the transition 
between summer and autumn occurred quite rapidly. 
The current directions in the observed area turned 
southward suddenly in September, which was very dif-
ferent from August. On the contrary, the transition from 
spring to summer was relatively slow. The prevailing 
current direction first shifted from southwestward to 
southward in March and went southeastward moving 
offshore in April and May. Northward currents began to 
develop in the northern portion of the area, which fore-
shadowed the coming period controlled by the summer 
monsoon. 
For the first time, it is confirmed by long-term obser-
vations that surface current variations in the southern 
Taiwan Strait west to Taiwan Bank mainly showed two 
altering seasonal modes: the winter mode and the sum-
mer mode, and are coincident with the variation of 
monsoons, in which the summer mode had been ap-  

























Figure 2  Monthly mean current fields in 2006 (the prevailing current direction and the spatial mean of current speed are labeled at the bottom to the 
right). 
 
proved by the in situ observation[5]. The winter mode 
persists for more than half a year, from September to the 
following March when currents mainly flow southward; 
while the summer mode with northward currents re-
mained only from June to August. The transition period 
from winter to summer mode was two months long, with 
clear cross-shore current components presented. The 
ocean’s response to the northeast monsoon development 
was so fast that the transition period from the summer 
mode to the winter mode was much shorter. It is sug-
gested from the monthly mean currents that the south-
westward flow pattern is dominant over a whole year, 
therefore the near surface transport in the western Tai-
wan Strait should be southward. 
The spatiotemporal evolution of longshore and cross- 
shore currents along the cross-shore section off Longhai 
from 118.02°E, 24.06°N to 119.01°E, 23.07°N (see Fig-
ure 1) are shown in Figure 3, along with time series of 
 
daily wind vectors for the observational area. Current 
observations in December 2005 and January 2007 were 
also included; June data were interpolated and the data 
gaps were presented in gray. 
Figure 3 reveals that surface currents along the sec-
tion were dominated by longshore component parallel 
with the coastline, which showed remarkable seasonal 
variations with magnitudes several times larger than the 
cross-shore component. Generally, surface currents 
flowed southward from winter to the end of March, 
turned northward in April and reversed once again in 
September. By comparing winter and summer, it was 
found that summer current was generally stronger than 
winter one. In July, longshore current speeds in the mid-
dle of the section were close to 30 cm/s, which was 
about twice the speeds in winter. Along the section, 
longshore current was quite strong near shore and de-
creased away from the coast when longshore currents 
were southward, while in summer the strongest current 
appeared at the middle of the section (Figure 3a). It is 
worth mentioning that at the eastern end of the section 
(over the southern Taiwan Bank), the seasonal variation 
of longshore current was different, where current pre-
vailed northward except in winter. Evolution for the 
component perpendicular to the coast (Figure 3b) 
showed that the cross-shore current was very weak, 
which had a maximum speed below 10 cm/s, only one 
third of the longshore component. Offshore currents 
were observed most of the time, but appeared to be 
stronger from April to August with the highest speeds 
nearshore. In winter, however, waters in the outer por-
tions of the section tended to move onshore. Generally, 
the cross-shore current was small; their magnitude was 
very close to the radar’s resolution except in summer. 
Figure 3c shows the annual variation of daily wind 
vector for the observational area. Over the whole year, 
the research area was dominated by northeasterly most 
of the time, namely from September to March. The 
southwesterly prevailed from June to August, but with 
occasional northerly wind bursts induced by typhoon, 
which were generally weaker than its winter counter part. 
As for April and May, which was the transition period  
from the northeast monsoon season to the southwest 
monsoon season, the northeasterly still dominated, but 
occasional southwesterly wind bursts were clearly visi-
ble. By comparing winds with currents, it is not difficult 
to see that seasonal variations of currents and winds are 
clearly related. 
3  Discussions 
3.1  About the methods 
In the above analysis, we computed the simple vector 
average for grid points that have more then 1000 effec-
tive monthly samples to yield the monthly mean currents. 
It was assumed that the sampling process is random, 
hence its randomness should be examined. Because the 
M2 semidiurnal tidal constituents played a primary role 
in the study area, which has a basic period of 12.42 
hours, we ran a monthly statistics to radar frame and 
 
 
Figure 3  The spatiotemporal evolution of (a) longshore and (b) cross-shore current components along the cross-shore section off Longhai, and (c) the 
time series of daily wind vectors for the same period. 













each grid point for numbers of effective sample accord-
ing to the relative lunar hour (defined as 1/12 of the M2 
period) referred to as 0 o’clock the first day of the month 
to see if the results were reasonable. 
As examples, we present here statistical bar charts for 
monthly effective frames of combined vector currents 
and numbers of sample at grid cells of the highest cov-
erage rate in July (Figure 4a, b) and November (Figure 
4d, e) of 2006. It is clear that the distributions of effec-
tive sampling in both cases are rather uniform in tidal 
hours, indicating that the sampling process is roughly 
random and the hourly number of sampling is close to 
its theoretical value around 360 (days of the month×24× 
6/12). Even for the grid cells with lower sampling rate 
(e.g. Figure 4c, f), the standard deviation of hourly sam-
pling numbers is also one order smaller than the mean, 
so is the error introduced. 
To verify further the reliability of the results, we also 
used harmonic analysis[6] to detide the discontinuous 
current series. The resulting spatiotemporal distributions 
of longshore and cross-shore residual currents along the 
Longhai section are similar to those shown in Figure 3, 
with only minor differences. 
3.2  The relationship of winds and surface currents 
Previous studies generally considered that circulations in 
the western Taiwan Strait were mainly controlled by the 
monsoons. Driven by the northeast monsoon, the 
Min-Zhe (Fujian-Zhejiang) coastal water flowed south-
ward along the west coast of the strait in the winter half 
of the year, but in summer the southwest monsoon 
forced the South China Sea water to flow northward[7,8]. 
Until now, however, this viewpoint has not yet been 
confirmed by long-term observations. Recent moored 
ADCPs observations were focused on the northern Tai-
wan Strait[9,10], and Wang et al.’s analysis of historical 
shipboard ADCP measurements also lacked observations 
in the southern Taiwan Strait[11]. Hence, the HF radar 
measurements greatly remedy this shortage of observa-
tions in the southern strait. 
Figure 5 presents the correlation between monthly 
longshore currents and winds; the vertical axis is the 
sectional mean of longshore surface current off Longhai 
and the horizontal axis is the mean longshore wind in 
the area. The linear relationship between them makes it 
clear that the surface longshore current variations were 
in accordance with the longshore wind. Since the prin-
cipal orientation of the Fujian coastline was close to the 
prevailing wind direction in the Taiwan Strait, the annual 
variations of surface currents must be dominated pri-
marily by the monsoons, which affected not only the 
longshore current but also the cross-shore water move-
ment. The surface offshore current observed in summer 
and the onshore current in winter (Figure 3b) also sug-
gest wind-driven Ekman transport at the surface. 
3.3  The persistent northward background current in 
the Taiwan Strait 
A more important fact revealed by Figure 5 is that ex-
cept for the monsoon-driven seasonal fluctuation, there 
was a steady northward current in the investigation area. 
Although the annual mean of both longshore winds and 
currents was southward, the regression line intercepted 
with the y-axis at 11 cm/s. This means that a mean 
longshore current of about 10 cm/s flowed northward 
across the section even if no wind was present there. By 
conducting similar analysis to different grid cells along 













Figure 4  Distribution of effective sampling numbers of the radar system (a, d), and grid cells of the highest (b, e) and relatively low (c, f) coverage rate in 
July and November. 
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Figure 5  Relationship between the monthly mean longshore currents 
across the Longhai section and longshore winds. 
 
cm/s. This indicates that background flows were rather 
homogeneous along this section. It is also obvious that 
this background current is the primary factor that caused 
the strong northward flow in July (Figure 2). 
These results indicate that there was a persisting 
northward surface background current with a speed of 
about 10 cm/s in the western Taiwan Strait all year 
round. Measurements from moored bottom-mounted 
ADCPs deployed during these two years by the Third 
Institute of Oceanography, State Oceanic Administration, 
in the same area further indicated that the northward 
current exists not only near the surface but also in the 
whole water column. The profiles of long-term mean 
longshore and cross-shore currents for three mooring 
sites are shown in Figure 6a, b, c for B2 (spring, 2006), 
B3 (summer 2006), and B2 (winter 2006/2007), respec-
tively. (The ADCPs’ positions are shown in Figure 1). 
Except in the upper Ekman layer (~5 m in summer and 
~15 m in winter) where the background currents were 
concealed by the monsoon-driven flows, longshore cur-
rents for all seasons pointed northward in layers below, 
with speeds ranging from 4 cm/s in winter to 10―20 
cm/s in spring and summer. 
The Taiwan Strait is the major channel that connects 
the East China Sea with the South China Sea, and plays 
an important role in the dynamics of the China Seas. 
Navigation charts showed that the surface currents flow 
northward all year round in the eastern Taiwan Strait, 
whereas seasonal variations are obvious in the western 
strait, with southwestward flows during the northeast 
monsoon season and northeastward flows during the 
southwest monsoon season[7]. According to these charts 
and some hydrographic observations, it is generally con-
sidered that the western Taiwan Strait is controlled by 
coastal currents that reverse directions seasonally. In 
addition, the “Kuroshio Branch” controls the eastern 
strait, where currents flow northward steadily all year 
round[7,8]. 
According to topographical characteristics, the south-
ern Taiwan Strait can be divided into two regions sepa-
rated by Taiwan Bank, with the Penghu Channel to the 
 
 
Figure 6  Vertical profiles for the long-term mean of longshore and cross-shore currents from moored bottom-mounted ADCPs at (a) B2, spring, 57d; (b) 
B3, summer, 73d; and (c) B2, winter, 66d. 













east and the “west channel” on the other site. In the 
1980s, Chuang observed mean currents of about 30 cm/s 
from April to May in 1983 and from March to July in 
1984, and proved that there were steady northward flows 
in the Penghu Channel[12,13]. There are also sparse cur-
rent observations over the Taiwan Bank and in the west 
channel area[14,15]. Based on these few historical current 
observations (mostly anchored one-day measurements), 
some researchers suggested that, in addition to the 
summer northeast flow, the winter currents in lower lay-
ers are also northeastward in the west channel, and its 
highest speed could reach 50 cm/s[16,17]. They further 
speculated “After passing 118°E, the South China Sea 
Warm Current would naturally flow northeastward along 
the center line of Taiwan Strait along the east wing of 
Fujian-Zhejiang Coastal Current”[17]. However, it is dif-
ficult for them to obtain solid conclusions based on these 
limited observations. 
The results of our observations provide solid evidence 
for the existence of the year-round, steady northeastward 
currents throughout the water column in the study area, 
which overlaps with the monsoon-driven, seasonally 
varying coastal currents and constitutes the current fields 
of the southwestern Taiwan Strait west to Taiwan Bank. 
During summer, the wind-driven current in the surface 
Ekman layer enhances with the background current, 
building up much stronger surface current (Figure 2, 
July) than in winter (Figure 2, December), at which time 
the background circulation was concealed by the strong 
southward coastal current in the upper Ekman layer, but 
currents in deeper layers still flow northeastward. It 
must be noted, however, that northeastern background 
current reported here is much smaller than that in previ-
ous studies[17]. Since the earlier studies were based on a 
small number of anchored one-day measurements, and 
mostly carried out under good weather conditions after 
the passage of cold fronts, the results were inevitably 
affected by sub-tidal oscillations and biases introduced 
by the specific sampling occasions. 
4  Summary 
The one-year-long surface current measurements ac-
quired by the HF ground wave radar system deployed in 
the south Fujian seaboard and the results from moored 
ADCPs observations indicate that the surface current in 
the water channel of the southwestern Taiwan Strait west 
to the Taiwan Bank is a superimposition of two compo-
nents: the seasonal, surface Ekman flow (including 
longshore coastal currents and cross-shore Ekman 
transport) forced by the monsoons, and the persistent 
northeastward background current of about 10 cm/s all 
year round. Below the surface Ekman layer, the long-
shore currents also flow northward all year round with 
speeds greater than 10 cm/s in summer and smaller than 
5 cm/s in winter. 
The HF radar data were provided by the Fujian Demonstration Site of the 
key project entitled “Three-dimensional and real time monitoring system 
for the ocean dynamic environment in Taiwan Strait and its adjacent 
regions” under Hi-Tech Research and Development Program of China. 
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